Experiments have been carried out to establish the relative position of the mouse Ig heavy chain locus and the c-myc oncogene. In mouse plasmacytoma with the typical rcpt(12;15) chromosome translocation the c-myc oncogene is juxtaposed to one of the heavy chain genes in a head-to-head orientation. Since the relative orientations of the c-myc locus and the Ig heavy chain gene cluster on the corresponding mouse chromosomes had not been settled, it was not known whether the rearranged c-myc gene is transposed to chromosome 12 or remains on chromosome 15. To decide which of the two alternatives is correct, we separated the translocation chromosomes by fluorescence-activated chromosome sorting. The separated chromosomal fractions were hybridized with mycspecific DNA probes corresponding to the ru-st or second/third exons in a chromosome spot assay. The results presented here indicate that the c-myc gene in mouse plasmacytoma carrying the typical translocation, as in the human Burkitt lymphoma analogous translocation, transposes to the chromosome carrying the Ig heavy chain locus. These results also establish the orientations of the Ig heavy chain locus and the c-myc locus on their normal chromosomes.
The typical t(12;15) translocation in murine plasmacytoma (MPC) is a reciprocal exchange that leads to thejuxtaposition ofthe c-myc oncogene and Ig heavy chain (H) sequences. The coding sequences of c-myc face the Ig H (most frequently Se, the a chain switch) region in a head-to-head orientation in all cases that have been studied at the molecular level (1) (2) (3) (4) (5) . Since the precise localization and orientation of c-myc and the Ig H locus on the murine chromosomes 15 and 12 have not been conclusively settled, the relationship between the cytogenetic and the molecular findings is still subject to alternative interpretations (6, 7) . By hybridizing known DNA probes to chromosomes separated by fluorescence-activated chromosome sorting, we have shown that the coding exons 2 and 3 of the c-myc gene are located on the Ig H-carrying 12q+ marker in the MPC X24C, where the translocation break is in the first exon-intron boundary. Accordingly, exon 1 could be localized to the 15q-marker. When considered together with the previously established molecular evidence, this finding proves that c-myc is oriented with its 5' end towards the centromere on mouse chromosome 15. The Ig H locus on chromosome 12 is inversely oriented, with its 3' end on the centromeric side. Thus, the orientations of both genes are the same in the mouse as in humans (8, 9) and the opposite of previous deductions from genetic experiments (10, 11) .
MATERIAL AND METHODS
Chromosome Preparation. Metaphase chromosomes were prepared as previously described (12) . Chromosomes were identified by comparison with the standard mouse karyotype (13) .
DNA Probes. The following gene probes were used: pK5, an abl-specific probe (14) ; pKB94, a CK-specific probe (15) ; and pa64101, a Ca-specific EcoRI/Xba I fragment corresponding to the coding domains CH1 and CH2 subcloned from a 4.5-kilobase (kb) EcoRI/HindIII fragment (C = Ig constant region). The myc probes used in this study were (i) Ryc7.4, a myc-cDNA-specific probe containing approximately 60% of exon 2 and the complete exon 3 of myc, and (ii) a 1.2-kb Sal I/Sma I fragment containing the entire exon 1 of c-myc and 5' flanking sequences. These probes are designated "3' myc" and "5' myc," respectively.
Flow Karyotype. Chromosomes were isolated from growing TKA7AA and X24C cells by the procedure described in ref. 16 . Nonidet P-40 (Sigma) was used at 0.5% as a detergent in the polyamine buffer (17) . Approximately 50,000 chromosomes were analyzed for each flow karyotype with a FACS IV (Becton Dickinson).
Chromosome Spot Analysis. Approximately S x 105 chromosomes were collected from each peak (for each experiment) directly on nitrocellulose filters (Schleicher & Schuell BA85) with a diameter of 12 mm. The chromosomes were denatured by soaking the filters in 0.5 M NaOH/1.5 M NaCl, followed by neutralization in 0.5 M Tris HCl, pH 7.4/1.5 M NaCl and then 3 M NaCl/0.2 M NaH2PO4/0.02 M EDTA for 5 min each. After 120-min baking (80'C), all filters of the same experiment were hybridized (18) (25) , 6 (26) , 12 (26) , and 15 (2, 27, 28) , respectively. Karyotype. The flow karyotype of murine cell lines consists of five major peaks, as a rule (17, 22, 23) . This limited resolution, compared to the human flow karyotype, is due to the relative morphological uniformity of the murine chromosomes with regard to size and DNA content.
The chromosomal content of each peak has been assessed by banding analysis of sorted chromosomes (17) , and on the basis of shifts in the DNA content ofa particular chromosome due to translocation and the corresponding appearance of new peaks in the flow karyotype (22, 23) . These assignments must be considered as tentative and need confirmation by direct methods. We have therefore checked the chromosomal content of selected peaks by molecular hybridization of sorted chromosomes. The TKA7AA mouse lymphoma line (12) has been used for this purpose because it has an essentially normal karyotype with trisomy of chromosome 15, present in the form of one normal chromosome 15 and a Robertsonian 15;15 fusion chromosome (Fig. 1) .
Probes of genes with known locations were used to demonstrate the presence of chromosomes 2, 6, 12, and 15, in the peaks to which they have been tentatively assigned (Fig. 2) . These hybridizations confirmed the postulated localization of these four chromosomes and have also confirmed that the peak on the extreme right of the flow karyotype contained the Rb(15;15) fusion chromosome (Fig.  2D) .
Localization of the Translocation Chromosomes in X24C Flow Karyotype. The typical MPC-associated rcpt (12;15) translocation generates two chromosomal markers, 12q+ and 15q- (29) . Fig. 3 shows the karyotype ofX24C, a serially passaged MPC line that is highly aneuploid but contains the readily identifiable 12q+ and the 15q-plasmacytoma translocation markers, each in three copies. There is a substantial size difference between these two markers and also between them and the normal homologous chromosomes. The flow karyotype ofX24C does not show any newly appearing peaks, compared to TKA7AA, that would have suggested the localization of the 12q+ and 15q-translocation chromosomes. We have searched for the translocation chromosomes from the known positions of the normal chromosomes 15 and 12 in the flow karyotype (cf. Fig. 2 C and D) on the assumption that the size difference between them and their normal homologues might have located them in two other peaks to the left (15q-) and to the right (12q+) of the corresponding normal chromosomes (Fig. 4) . This expectation was fully confirmed by the molecular analysis.
Rearrangement of c-myc and C. in X24C. It has previously been shown that the X24C cell line contains a rearranged 16-kb c-myc EcoRI fragment, together with the 22-kb germline fragment (30) . Our current line, used for the chromosome sorting experiment, conformed to the expected pattern in the hybridization experiment with the myc cDNA probe (data not shown). The c-myc 5' exon 1 probe recognized the same EcoRI-cleaved germ-line fragment 22 kb long, and an 11-kb fragment in addition (Fig. 5A ). Since the two probes recognized different rearranged EcoRI fragments in addition to the same germ-line myc fragment, the break in the myc gene must lie between the first exon and the coding sequences. Therefore, the 5' c-myc probe must detect the reciprocal transloca- (Fig. 5B) . No germ-line-sized fragment was present. The size of the 16 kb fragment corresponds to the rearranged myc fragment detected by the cDNA myc probe, which exclusively covers exons 2 and 3.
These results indicate that the coding exons of c-myc are juxtaposed to Ca sequences in X24C, as in the majority of MPCs with the typical rcpt(12;15) translocation.
Position of myc in X24C. To assess the localization of the exon 1 segment and the decapitated exon 2-and 3-carrying chromosome segments on the reciprocal translocation chromosomes, the sorted chromosome fractions that were expected to contain the 12q+ and the 15q-markers, were each hybridized with the myc probes. As shown in Fig. 4A , the cDNA probe that represents exons 2 and 3 gave a positive hybridization signal with the peak presumptively containing 12q+ but not with the peak to which the 15q-marker was assigned. The c-myc exon 1 probe gave the opposite result, hybridizing only with the 15q-and not with the 12q+ peak (Fig. 4B) .
As a further confirmation of the localization of the decapitated myc gene, chromosomal fractions containing the 12q+ and 15q-translocation markers were sorted. Southern analysis of the EcoRI-cleaved DNA obtained from sorted chromosomes showed that the rearranged 16-kb c-myc fragment is detected exclusively in the 12q+ chromosome fraction (Fig. 6) . centromere of chromosome 15. Since the head-to-head confrontation of an SHCH region and c-myc is an invariant feature of all rcpt(12;15) translocation-carrying MPCs that have been studied so far, it follows that the Ig H gene cluster must have the opposite orientation, with the 5' end on the telomeric side of chromosome 12. This is at variance with the conclusions in the earlier literature (10, 11 (32, 33) . These methods will be particularly useful for the detailed mapping of genes in cases in which a good separation can be achieved between reciprocal translocation chromosomes and their normal progenitors.
Note Added in Proof. The plasmacytoma variant translocation locus (pvt-1) has recently been described as the molecular breakpoint on chromosome 15 in MPCs that carry a variant rcp(6;15) translocation (34) . The distance between the c-myc oncogene and the pvt-l locus has not been previously established but is not less than 72 kb. Using the hybridization technique with DNA extracted from sorted chromosomes, we find that the pvt-1 locus translocates together with the c-myc oncogene to the 12q+ chromosome in X24C (see Fig. 7 ). This maps the pvt-1 locus to the 3' end of the c-myc oncogene on the telomeric side of mouse chromosome 15.
